abstract yeast-like microorganisms are frequently isolated from horses. there is a serious interpretation problem with assessment of the health status in the diagnostics of infectious diseases, which is associated with the insufficient knowledge of the composition of the natural flora in the horses' integumentary system. The aim of the investigations was to analyse the yeast-like flora isolated from healthy felin ponies. the study involved 44 horses aged from 2 to 12 years. the analysed group comprised 28 mares and 16 stallions. the animals were kept in an outdoor rearing system with a possibility of periodic use of a wooden/brick shed. the investigations were conducted in an annual cycle divided into 4 periods corresponding to the seasons of the year. smears were sampled from horses' nostrils, mouth, ear, back, groin, vagina or foreskin, and collateral groove. Microbiological analysis of the yeast-like strains was performed after plating 1015 samples of material taken from healthy horses. The identification of fungal species was based on their culture characteristics and biochemical profile. Fourteen yeast species were isolated and identified from the sampled material. Candida guilliermondii and Candida albicans 1 were the most prevalent fungi. the study has shown seasonal variability of the composition of the integumentary system microflora in Felin ponies. The greatest number of isolates was obtained from the material sampled from the mouth.
In addition to pathogenic microorganisms and opportunistic pathogens, many other species of microorganisms accompany humans and animals but do not cause any pathological changes. They can play a positive role in the organism as part of the mucous membrane microbiota of e.g. the gastrointestinal tract. Yeasts constitute an element of intestinal flora. Some of them, e.g. probiotic yeasts, have an ability to inhibit the growth of pathogenic yeasts (Manson et al., 2008; Wang et al., 2014; Weiler and Schmitt, 2003) . In cooperation with bacteria, they take part in glucose metabolism in the organisms and exert an impact on the plasma glucose level (Maioli et al., 2008) .
Candida yeasts are a microbial component of the oral microfilm. They can exert an antagonistic effect on Pseudomonas aeruginosa and thus reduce the risk of the growth of this bacterial species. This is particularly interesting, given the fact that opportunistic yeasts are often regarded as a cause of many human and animal diseases (Kraneveld et al., 2012; Shirtliff et al., 2009; Sztajer et al., 2014) . As reported by some authors, the mechanism of yeast pathogenicity depends not only on organism immunity and yeast virulence but also on mechanisms of organism's response to infection (Velegraki et al., 2015) .
The environment is a natural reservoir of fungi. Pathogenic conditions in immunocompromised organisms can involve multiple organs and systems. The disease develops in animals and humans as a result of uncontrolled proliferation of yeasts after overcoming the defence mechanisms of the organism. The predisposing factors include e.g. immunosuppression, antibiotic therapy, and increased exposure of the organism to environmental fungi (Biegańska, 2006; Dworecka-Kaszak and Adamski, 2005; Mackenthun et al., 2013; Pressler et al., 2003; Różański et al., 2013 a) . An important role in the spread of fungal diseases is played by excessive humidity in stables and nutritional deficiencies, in particular in the level of carotene, protein, such trace elements as zinc, iron, and copper, and vitamins A and B (Biegańska, 2008; Cordeiro Rde et al., 2013 , 2015 Dworecka-Kaszak, 2008; Stefanetti et al., 2014) .
Besides the environmental impact, animals can be a source of infection for humans, and humans can infect animals. Fungi can be transmitted directly by contact or indirectly via tools used by handlers as well as riding equipment (DworeckaKaszak, 2008; Różański et al., 2013 a, b) . There are still only preliminary investigations available on the risk of human infections with animal-borne yeasts. However, a possibility of human infection with animal-borne Candida albicans yeasts has been shown. Fungi isolated from humans and animals are quite similar (Edelmann et al., 2005; Hörmansdorfer and Bauer, 2000; Velegraki et al., 2015) .
Infection usually develops through the respiratory and digestive systems. In the case of reproductive system infections, an important role in the spread of infection is played by the mode and hygiene of mating the horses. Owing to their great adaptability, fungi readily colonise the host organism and multiply therein. Next, they rapidly spread in the organism via blood and lymph vessels and reach internal organs. The diagnosis of systemic fungal diseases is difficult, as there are no typical clinical symptoms, and delayed diagnosis or misdiagnosis of the disease may lead to animal death. Yeasts have been isolated from human and animal mucous membranes of the mouth, nose/nostrils, conjunctival sac, throat, digestive tract, urinary tract, reproductive tract, and skin. Typically, but not always, the presence of yeast-like microorganisms is associated with diseases (Biegańska, 2008; de Bruijn and Wijnberg, 2004; Dworecka-Kaszak, 2008; Gliński et al., 2011; Ledbetter et al., 2007; Nowak, 2006; Różański, 2013 b; Sgorbini et al., 2008) .
The aim of the present study was to perform qualitative analysis of yeast-like microflora of the integumentary system in healthy Felin ponies.
Material and methods
The analyses were carried out on material sampled from 44 healthy Felin ponies aged from 2 to 12 years. The group of horses comprised 28 mares and 16 stallions; the animals were kept in an outdoor rearing system with a possibility to use a wooden/brick shed. In winter (sampling I), material was collected from 14 ♂ and 26 ♀, in spring (II) from 15 ♂ and 20 ♀, in summer (III) from 14 ♂ and 21♀, and in autumn (IV) from 15 ♂ and 20♀. In total, 1015 material samples were analysed throughout the study period.
Horses' diet included hay, oats, and root crops as well as mineral licks in the November-March period. In April-October, the horses grazed on pastures.
During the 2-week period prior to sampling the material for the analyses, the horses did not show any clinical signs of disease and were not subjected to any curative treatment.
The samples were collected four times, i.e. in winter (January), spring (April), summer (June), and autumn (November). The air temperature and humidity on the sampling day were respectively -6°C and 56% in winter, 3°C and 63% in spring, 19°C and 52% in summer, and 12°C and 63% in autumn. Smear samples were taken from horses' nostrils, mouth, ear, back, groin, vagina or foreskin, and collateral groove for the analyses. The material obtained after plating the 1015 samples collected from the horses was assessed microbiologically.
The material was stored in sterile tubes on AMIES transport medium and immediately transported to the laboratory. All samples were seeded onto Sabouraud medium and macroscopically homogeneous colonies were obtained by selective screening. The incubation was carried out for 72 hours at a temperature of 30°C. After incubation, the material was assessed using biochemical assays API 20 C AUX from bioMérieux Polska.
results
During the study period, 14 yeast species were isolated from the material, i.e.
Stephanoascus ciferrii (2.22%), Geotrichum klebahnii (2.22%), and Kodamaea ohmeri (2.22%) - Figure 1 .
In total, 1015 samples were collected, i.e. 280 in the winter period and 245 in each of the spring, summer, and autumn periods.
Only 2 isolates of C. guilliermondii yeasts were detected in the 280 samples collected in winter. In the samples collected in spring, 4 yeast species were isolated, i.e. C. guilliermondii, C. norvegensis, C. lusitanae, and Stephanoascus ciferrii. C. albicans 1 (38.10%), C. guilliermondii and Trichosporon asahii (19.05% each), Rhodotorula minuta (9.52%), as well as C. lusitanaea, Trichosporon mucoides, and Rhodotorula sp. (4.76% each) were the most prevalent yeast species isolated in summer. The most frequent species among the isolates detected in autumn included C. guilliermondii, C. krusei, and C. inconspicua (22.22% each). Candida sp. accounted for 16.67% of all the isolates. The isolated C. albicans 1, Kodamaea ohmeri, and Geotrichum klebahnii represented 5.56% each (Tables 1 and 2 ). In total, 54% of the yeasts were isolated from the mares. Ten yeast species, with predominance of C. guilliermondii (27.27%) and C. albicans 1 (22.73%), were isolated from the 87 mares examined during the entire year.
The greatest number of isolates from the mares was obtained from the material sampled in summer. Yeast species that were isolated during the individual seasons and throughout the year are presented in detail in Table 1 . Eight yeast species were isolated during the study year from the 58 examined stallions. C. guilliermondii (22.73%), followed by C. albicans 1, C. krusei, and C. inconspicua (18.18% each) were isolated most frequently. C. sp. accounted for 9.09%, and C. lusitaniae, Geotrichum klebahnii, and Stephanoascus ciferrii represented 4.55% each.
The greatest number of isolates from the stallions was obtained from the material sampled in autumn (14) and summer (6). One isolate was detected in each of the winter and spring periods ( Table 2 ). The strains differed in terms of the quantity and quality between the horse males and females (Figure 2 ). Similar differences were also noted in relation to the different material sampling sites (Figure 3 ) and the seasons of the year (Figure 4) . Autumn (IV) C. guilliermondii However, it is difficult to refer directly to the percentage of the individual strains in the total pool of isolates reported by other researchers, due to the differences in the study objectives and, accordingly, differences in the research models employed (Khosravi et al., 2014; Reilly and Palmer, 1994; Cordeiro et al., 2013; Brilhante et al., 2016) .
It should be emphasised that the results obtained in the present study refer to analysis of material sampled from healthy horses of the same breed kept in identical environmental conditions. In the scanty literature in this field, there are only few reports of analysis of material originating from a homogeneous breed group (Różański et al., 2013 b) . In addition, this is the first report of the fungal flora in the Felin pony breed. The available literature does not provide reports of fungal flora in horses kept in an outdoor rearing system during the entire year. The microflora of the human oral cavity can comprise many different fungal species. Yeast from the genera Candida, Cladosporium, Aureobasidium, Saccharomyces, and Cryptococcus have been isolated most frequently (Ghannoum et al., 2010) . The skin fungal microbiota of healthy humans is dominated by Malassezia (Luciana et al., 2006; Gao et al., 2010; Paulino et al., 2006) . The diversity of the microbiota of individual parts of the gastrointestinal tract varies significantly and depends on environmental factors, diet and health status. However, it is difficult to determine unambiguously its normal composition (Tappenden and Deutsch, 2007; Mättö et al., 2005) . In total, 13 yeast species were isolated in material from 60 nymphs (Nymphicus hollandicus). The most frequently isolated species were represented by C. albicans (32.5% isolates), C. tropicalis (20%), T. asteroides (12.5%), and C. famata (10%) (Brilhante et al., 2010) . In cattle, yeasts are mainly isolated from the mammary gland. However, these reports present investigations of infected animals only (Krukowski et al., 2000 (Krukowski et al., , 2006 . In terms of the relationship between the seasons of the year and the number of isolates obtained, the results confirm the observations reported by other authors (Pacyńska, 2013) .
The increased number of the yeasts on horses' skin and mucous membranes should be regarded as typical for the warmer periods of the year. In the present study, C. guilliermondii and C. albicans 1 were isolated most frequently. This confirms the substantial proportion of the Candida genus strains described in the literature (Arendrup, 2013; Pacyńska, 2013; Różański et al., 2013 b) .
In the analysed research results, attention should be paid to the relatively small number of the isolated strains, which is noticeably different from results reported in other papers. No publications show results of examination of horses kept in conditions that would be so similar to natural ones. Importantly, Felin ponies originate from horses that are close to ancient breeds, which is confirmed by the good health condition of the representatives of this group. The small number of the isolated strains may indicate an important role of the breeding environment conditions in the composition of the animal organism microbiota (Arendrup, 2013; Różański et al., 2013 b) . This thesis is supported by the fact that the greatest number of isolates was obtained from the material sampled from the mouth and the collateral groove, i.e. sites in contact with the environment, and the lowest number was isolated from vaginal and/or foreskin samples, in which the microflora is largely determined by the defence mechanisms of the organism.
Biochemical fungal identification is a well proven and widely used method, however, given the development of analytical techniques, identification can be based on molecular methods, which are undoubtedly conclusive. This is particularly advisable when results indicate low or uncertain level of differentiation.
conclusions Yeasts are part of the natural microbiota of horses' organisms. Their presence does not always imply an ongoing disease. The present results indicate an important role of the breeding environment in determination of the composition of horses' microbiota. It should also be emphasised that, due to the lack of analogous research reports in the literature, the experimental model described in this paper can constitute a reference for future identifications.
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